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FIG. 8
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IMAGE PROCESSOR AND IMAGE DISPLAY
APPARATUS COMPRISING THE SAMLE

CLAIM OR PRIORITY

The present application claims priority for Japanese appli-

cation serial No. JP 2006-353700, filed on Dec. 28, 2006, the
content ol which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an image processor and an
image display apparatus; and, more particularly, to an image
processor that includes a configuration for converting frame
rate of an input image signal and an 1image display apparatus.

(2) Description of the Related Art

A technique called frame rate conversion has been recently
introduced for offering better moving 1mage performance. It
uses frames included 1n an 1mage signal and a motion vector
of the input 1image signal and combines 1nterpolation frames
created 1n an apparatus to generate a signal of a new frame
sequence. Accordingly, it becomes possible to offer better
moving image performance by improving unnatural motion
such as a feeling of afterimage or unstable 1mage 1n a display
of moving 1images.

In order to improve moving image performance more, 1t 1s
necessary to generate an interpolation frame with high accu-
racy. This in turn requires raising the detection accuracy for a
motion vector used to generate an interpolation frame. A prior
art technique related to the improvement of the detection
accuracy for a motion vector 1s disclosed 1n Japanese Patent
Application Publication No. 2006-165602, for example. The
technique 1nvolves 1nserting an interpolation frame between
two temporally successive frames included m an input image
signal. In detail, plural frame pixel pairs at point symmetric
positions about an interpolated pixel that constitutes the inter-
polation frame are extracted from a predetermined area, and a
pixel direction having a minimum difference between the
pixels 1s designated as a motion vector.

SUMMARY OF THE INVENTION

As aforementioned, the prior art technique designates a
motion vector 1n a direction where a diflerence between pre-
vious and subsequent frame pixels (blocks) at point symmet-
ric positions about the interpolated pixel (hereinaiter, this
process 1s called a matching process) 1s minimal. Therefore,
in the case that only one or two edge components of a certain
level appear 1n the predetermined area, the number of pixel
pairs having the minimum difference 1s small so it is relatively
casy to specily the motion of an object. However, as for an
image pattern where change 1n brightness such as a wire-
netting (mesh) pattern, a stripe pattern, a grid pattern, telop
characters, etc., appears periodically or non-periodically,
edge components having the same level often appear 1n a
designated direction (horizontal or vertical direction) 1n the
predetermined area. Consequently, a number of pixel pairs
having the mimmum difference appear 1n the predetermined
area, causing erroneous detection ol a motion vector.

For example, 1n the case that a certain stripe pattern moves
throughout two temporally successive frames, 1.e., from a
previous frame to a subsequent frame, one of the sticks or
even an adjacent stick in the subsequent frame has the same
pixel value as one of the sticks in the previous frame. There-
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2

fore, a detection error occurs by regarding one of the sticks 1n
the previous frame has moved to the adjacent stick in the
subsequent frame.

To elaborate this phenomenon in reference to FIG. 5, an
image 1n the upper left corner indicates an 1mage of a tempo-
rally previous frame (the first frame) out of two successive
frames, and an 1image 1n the upper right corner indicates an
image of a temporally subsequent frame (the second frame)
out of the two frames. This 1mage contains, besides a house,
trees and so forth, a stripe pattern where change 1n brightness
appears periodically 1n a horizontal direction. Suppose that
the image of the first frame was photographed at a position of
a camera 504, and that the camera 504 moved 1n a direction
505 to photograph the image of the second frame. That 1s, a
motion vector of an 1image between the first frame and the
second frame becomes opposite to the direction 505.

Suppose that a target area 503 of the first frame actually
moved to an area 506 1n the subsequent frame. I a motion
vector 1s detected accurately from the matching process and
an mterpolation frame 1s composed accordingly, 1t appears 1n
the lower left corner. That 1s, a stripe pattern 308 in the
previous frame of the target area 503 moves in the direction of
the motion vector 520 to a stripe pattern 509 1n the subsequent
frame, a stripe pattern 510 1s generated as an interpolation
frame by the matching process. At this time, an enlarged
image 1n the area 506 1s denoted by reference numeral 530.
However, since a stripe pattern, as shown in an enlarged
image 531, has the same pixel value as that of the enlarged
image 530, 1t 1s erroneously detected that the stripe pattern
has moved to the area 507, not the area 506. In this case, as
shown 1n the lower night corner of FIG. 5, the matching
process may be performed incorrectly by concluding that the
stripe pattern 508 1n the previous frame of the target area 503
has moved to a stripe pattern 513 1n the subsequent frame by
an erroneously detected vector 521. At this time, a stripe
pattern in the interpolation frame i1s denoted by reference
numeral 514, appearing at a different position from the stripe
pattern 510 of the interpolated frame that was generated out of
an accurately detected motion.

When such a detection error of the motion vector occurs, an
image ol no relationship with motion or an 1image with low
relationship appears on an interpolation frame, resultantly
producing a broken, jitter image.

The aboverelated art does not consider erroneous detection
ol a motion vector 1n an 1mage pattern where such change 1n
brightness appears periodically or non-periodically, or a bro-
ken, jitter image due to an interpolation frame generated by
the erroneously detected motion vector.

In view of the foregoing disadvantages and problems, it 1s,
therefore, an object ol the present invention to provide a frame
conversion technology in use of an interpolation frame,
capable of displaying a high picture quality image with less
jitter or break-ups even for an 1mage pattern where change in
brightness such as a grid pattern, a stripe pattern and so on
appears periodically or non-periodically.

To achieve the above object, the present invention 1s char-
acterized 1n the configuration described in the claims.

There 1s provided an 1image processor, which designates an
area with an 1mage pattern having a periodically or non-
periodically appearing brightness change such as a grid pat-
tern, a stripe pattern, telop characters, etc., as a specific area
and acquires a motion vector for the specific area by using an
amount of relative misalignment of a predetermined edge
component between two temporally successive frames 1n an
input 1mage signal.

In detail, the matching process described above assigns a
motion vector to other areas except for the specific area.



US 8,175,121 B2

3

Meanwhile, a motion vector for the specific area 1s given by
the following process. That 1s, two frames 1n a predetermined
pixel unit shift relatively 1n a horizontal and/or vertical direc-
tion, and a frequency where the predetermined edge compo-
nents coincide with each other between the two frames 1s
detected per shift to compose a histogram. Then, a shift quan-
tity (an amount ol misalignment) with the highest frequency
where the predetermined edge components coincide with
cach other 1s designated as a motion vector for the specific
area.

Accordingly, the 1mage processor of the mvention ncor-
porating a frame conversion technology 1n use of an mterpo-
lation frame 1s capable of displaying a high picture quality
image with less jitter or break-ups even for an 1image pattern
where change 1n brightness such as a grid pattern, a stripe
pattern and so on appears periodically or non-periodically.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, objects and advantages of the
present invention will become more apparent from the fol-
lowing description when taken in conjunction with the
accompanying drawings wherein:

FIG. 1 1s a block diagram 1llustrating a configuration of a
display apparatus according to a first embodiment of the
present invention;

FI1G. 2 1s a block diagram 1llustrating a specific example of
a second motion vector acquisition section 32 according to
the first embodiment of the present invention;

FIG. 3 1s a block diagram 1llustrating a configuration of a
display apparatus according to a second embodiment of the
present invention;

FIGS. 4 A to 4C show one example of segmentation applied
to the second embodiment of the present invention;

FIG. 5 1s a diagram showing one example of problems
found 1n prior art technologies;

FIG. 6 1s a flow chart describing a process at the second
motion vector acquisition section 32 according to the first
embodiment of the present invention;

FIG. 7 1s a flow chart describing a process at the second
motion vector acquisition section 32 for acquiring a second
motion vector;

FIG. 8 1s a flow chart describing a process at the second
motion vector acquisition section 32 for judging a specific
area;

FIG. 9 15 a diagram showing one example of coincidence
point detection at the second motion vector acquisition sec-
tion 32;

FIG. 10 shows one example of a histogram of the shift
quantity at the second motion vector acquisition section 32;

FIG. 11 illustrates one example of an extracted specific
area;

FI1G. 12 1llustrates one example of a histogram composed at
a second histogram generation section; and

FI1G. 13 1llustrates one example of a motion vector obtained
by a matching process.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the present invention will now
be described with reference to the accompanying drawings.
In addition, the embodiment may be applied not only to
convert the frame rate of an mput signal from 60 Hz to 1ts
twice, 120 Hz, for example, but also to convert a 2-3 pull
down mode mnput image signal having the frame rate of 60 Hz
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4

to a 60 Hz non-pull down mode 1image signal by substituting
an interpolation frame for several frames 1n the mput 1mage
signal.

|[Embodiment I]

A first embodiment of the invention will be described with
reference to FIGS. 1 and 2. FIG. 1 shows an 1mage processor
according to a first embodiment of the present invention, or a
structural view of one example of an image display apparatus
having a display panel 6 to which the present invention 1s
applied.

An 1mage signal 1s mputted to an mput terminal 1, and
frame data corresponding to at least two of the input image
signals 1s stored 1n a frame bufler 2. Accordingly, the frame
butiler 2 outputs a previous frame 12 that 1s temporally ahead
and a subsequent frame 13 that 1s temporally behind the
previous Iframe. The previous frame 12 and the subsequent
frame 13 are respectively mputted to a first motion vector
acquisition section 31, a second motion vector acquisition
section 32, and a frame 1nterpolation circuit 5.

The first motion vector detection section 31 detects a
motion vector by the matching process described above from
the previous and subsequent frames 12 and 13 being inputted.
The matching process 1s now described with an example
shown 1n FIG. 13. In detail, FIG. 13 illustrates frame rate
conversion from 60 Hz to 120 Hz for example as 1n a case
where one piece of interpolation frame 1s 1nserted to a cen-
troid which 1s a temporal center between two original frames
in an input 1mage signal. Another form of frame rate conver-
s10m 1s subjected to basically the same process.

As shown 1n FI1G. 13, 1n the case of interpolating (compos-
ing an interpolated pixel) a target block (this could be a pixel)
34 on an interpolation frame 33, a search domain 35 with a
predetermined number of blocks indicated by the dotted line
1s prepared for a subsequent frame signal 21 and a previous
frame signal 22, respectively, with respect to a block at the
same spatial position as the target block 34. In an example
shown 1n FIG. 13, the search domain 35 i1s formed of 11
blocks 1n the horizontal direction and 5 blocks 1n the vertical
direction. Next, a block on the subsequent frame signal 21 and
a block on the previous frame signal 22, which are point
symmetric 1n a temporal direction with respect to the target
block 34, are extracted 1n form of a block set. This extraction
of a block pair 1s carried out for every block 1n the search
domain 35 to obtain a difference between each pair of blocks.
A block pair 36 having a smallest difference 1s detected, and
a straight line connecting the block pair 1s detected as a first
motion vector 16.

Meanwhile, the second motion vector acquisition section
32 is the key feature of this embodiment and acquires a
motion vector by a different approach from the matching
process used for the first motion vector acquisition section.
For 1nstance, the second motion vector acquisition section 32
carries out a process for giving a second motion vector 14 that
1s different from the first motion vector 16 to a specific area
having an 1mage pattern with a periodically appearing bright-
ness change such as a grid pattern, a stripe pattern, etc.,
among 1images 1n one frame. In detail, a predetermined edge
component 1s detected or filtered from the subsequent frame
signal 21 and the previous frame signal 22, respectively. And
while these frames are moving (shifting) relatively in the
horizontal and/or vertical direction, the number of times (the
frequency of appearance) a coincidence point where the pre-
determined edge components of the subsequent and previous
frame signals 21 and 22 coincide with each other occurs 1s
counted per shift. Based on the count number, a histogram
showing the distribution of coincidence points per shift 1s
plotted, and a shift with the highest frequency appearance of




US 8,175,121 B2

S

the coincidence point 1s designated as a motion vector for the
specific area. More details on this will follow later. In the
meantime, referring back to FIG. 1, a mask signal 11 1s
inputted to the second motion vector acquisition section 32,
and a mask area specified by this mask signal 11 1s not
subjected to the process described earlier. An example of the
mask area will be an area displaying a control board or amenu
screen generated by OSD circuit (not shown).

Moreover, the second motion vector acquisition section 32
of this embodiment discriminates a specific area from the
filtered predetermined edge components to output an area
identification signal 15. Here, the area identification signal 15
outputs a signal 17”11 a certain pixel 1s included 1n the specific
area for example. Otherwise, the area 1dentification signal 135
outputs “0” for the other cases. The discrimination of a spe-
cific area will also be explained further.

The first motion vector 16 outputted from the first motion
vector acquisition section 31, and the second motion vector
14 and the area identification signal 15 both being outputted
from the second motion vector acquisition section 32 are
inputted to a selector 4. The selector 4 selects one of the first
motion vector 16 and the second motion vector 14, according
to a value of the area identification signal 15. In other words,
if the area 1dentification signal 15 1s “17, the selector 4 selects
the second motion vector 14 for pixel interpolation 1n a spe-
cific area; otherwise selects the first motion vector 16 for pixel
interpolation 1n areas other than the specific area, and outputs
a selected motion vector 17.

The selected motion vector 17 from the selector 4 1s input-
ted to a frame interpolation circuit 5. As mentioned earlier, the
frame 1nterpolation circuit 5 also receives signals from the
previous and subsequent frames 12 and 13. And the frame
interpolation circuit 5 computes a pixel value of the target
block (or pixel) 34 among the interpolation frames 33 shown
in FIG. 13 for example as the mean of the pixel values of the
previous and subsequent frames 12 and 13 which the selected
motion vector 17 indicates while passing by the target block
34. In this manner, an interpolated pixel in the iterpolation
frame 33 1s obtained. The frame interpolation circuit 5 per-
forms this process on every pixel 1in the imnterpolation frame to
compose one piece of an interpolated frame. Further, the
frame interpolation circuit 5 combines the interpolated frame
and an original mput frame to output a signal 18 1n a new
frame sequence. This combination step includes, {for
example, inserting an interpolated frame between two tem-
porally successive original frames. In addition, the combina-
tion step also includes substituting several original frames
existing between the two original frames with interpolated
frames.

The signal 18 1n a new frame sequence 1s provided to a
display panel 7 via a timing control circuit 6. The display
panel 7 may be an LCD panel or a PDP. The timing control
circuit 6 feeds an output signal from the frame interpolation
circuit 5 to the display panel 7 according to horizontal or
vertical scan timing, so that a frame rate converted 1image may
be displayed on a screen of the display panel 7.

The first motion vector acquisition section 31 and the frame
interpolation circuit S may be configured as two separate units
as 1n this embodiment, or 1n one unit. For instance, the first
motion vector acquisition section 31 may be built 1n the frame
interpolation circuit 5 to extract a first motion vector by the
above-described matching process from the previous frame
signal 12 and the subsequent frame signal 13 being inputted to
the frame interpolation circuit 5. In this case, the selector 4 1s
not required, and the first motion vector 1s substituted with the
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6

second motion vector 14 according to the area identification
signal 15 (1.e., for a pixel with the area i1dentification signal
“17).

Next, turther details on the second motion vector acquisi-
tion section 32 of this embodiment are now provided with
reference to FIG. 2. A previous frame signal 12 and a subse-
quent frame signal 13 from the frame buifer 2 are inputted to
an application area judgment circuit 107, where a predeter-
mined area 1s extracted from the previous and subsequent
frame signals 12 and 13. Here, the predetermined area being
extracted by the application area judgment circuit 107 1s an
area where telop characters for example are most likely to
appear and 1s located near the bottom of an 1mage. Suppose
that processes following the judgment of an application area
are carried out only on the extracted predetermined area by
the application area judgment circuit 107 and are not carried
out for the other areas.

A previous frame signal 12 and a subsequent frame signal
13 in the predetermined area the application area judgment
circuit 107 has extracted are inputted to a first edge filtering
circuit 109 and a second edge filtering circuit 111, respec-
tively, so that an edge component 1n the predetermined area 1s
filtered by each circuit. First, the first edge filtering circuit 109
detects a difference between a target pixel and its adjacent
pixel (1n any direction, horizontal or vertical) for each of the
previous frame signal 12 and the subsequent frame signal 13
and filters an edge 1f the difference 1s greater than a first
threshold stored 1n a first threshold table 108 and 11 brightness
level of the target pixel 1s greater than a second threshold. In
order for the first edge filtering circuit 109 to detect a second
motion vector from 1ts successive circuit, a threshold stored in
the first threshold table 108 i1s set slightly high so that an
infinitesimal change 1n brightness may not be detected as
noise.

Similarly to the first edge filtering circuit 109, the second
edge filtering circuit 111 detects a diflerence between a target
pixel and 1ts adjacent pixel (1in any direction, horizontal or
vertical) for each of the previous frame signal 12 and the
subsequent frame signal 13 and filters an edge 11 the differ-
ence 1s greater than a first threshold stored 1n a second thresh-
old table 110 and 1f brightness level of the target pixel is
greater than a second threshold. In order for the second edge
filtering circuit 111 to detect a specific area having telop
characters, a grid pattern or a stripe pattern from 1ts successive
circuit, a threshold stored 1n the second threshold table 110 1s
set relatively lower than the threshold stored in the first
threshold table 108.

Even though this embodiment suggested two edge filtering
systems, 1t 1s for 1llustrative purposes only so only one of them
may be used. That 1s, one edge filtering circuit and one thresh-
old table may be suificient to detect an edge component for
detecting a motion vector and an edge component for decid-
ing a specific area.

An edge component filtered by the first edge filtering cir-
cuit 109 1s mnputted to a motion vector detection circuit 115.
The motion vector detection circuit 115 detects a motion
vector of an 1mage 1n an area designated by the application
area judgment circuit 107, by performing a different process
from the above-described matching process on the basis of
respective edge components of the previous frame signal 12
and the subsequent frame signal 13. Further details on this
motion vector detection are provided below, with reference to
FIG. 9.

FIG. 9 diagrammatically illustrates temporally successive
frames, 1n which y-axis 901 indicates the vertical direction,
x-ax1s 903 indicates the horizontal direction, and t-axis 905
indicates the time direction. This illustrates the detection of
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an edge coincidence point by relatively shifting a first frame
screen 906 which corresponds to the previous frame signal
and a second frame screen 907 which corresponds to the
subsequent frame signal in the horizontal and/or vertical
direction by one pixel, 1.e., shifting the second frame screen
907 1n the horizontal and/or vertical direction by one pixel
with respect to the first frame screen 906, to detect an edge
coincidence on both frame screens. To implement this pro-
cess, this embodiment has set a target pixel 903 on the first
frame screen 906 to scan 1nto a predetermined search domain
904 of the second frame screen 907. As depicted on the
right-hand side of FIG. 9, the search domain 904 consists of
+6 pixels 1n the horizontal direction and £5 pixels in the
vertical direction with respect to the target pixel 902. Need-
less to say, the numbers of horizontal and vertical pixels in the
search domain 904 given here are for illustrative purposes
only, and the present invention 1s not limited thereto.

In this embodiment, the target pixel 902 (edge component)
on the first frame screen 906 1s sequentially compared with
143 pixels (13x11) (edge component) within the search
domain 904 1n order to search for a point having the same
level as the target pixel 902 1n the search domain 904. Sup-
pose that a coincidence point 908 as a pixel both sides coin-
cide 1s detected 1n the search domain 904. Then, the search for
a coincidence point within the search domain 904 1s con-
ducted for the entire pixels on the first frame screen 906 (as
mentioned earlier, these are pixels within a specific area des-
ignated by the application area judgment circuit 107). In this
manner, a rough motion vector 1s obtained. In the example
shown in FI1G. 9, the coincidence point 908 1s located from the
target pixel 902 by 3 pixels to the right and 2 pixels up. That
1s, a shiit quantity of the target pixel 902 becomes “3” to the
right (or 1n the horizontal direction) and “2” 1n the vertical
direction. Although the search domain 904 in this embodi-
ment covers both horizontal and vertical directions, 1t can also
cover one direction only.

Information about a motion vector detected by the motion
vector detection circuit 115, 1.e., information about a coinci-
dent point and information about an amount of misalignment
(shift quantity) from a target pixel to a coincidence point, 1s
inputted to a first histogram generation section 114. The first
histogram generation section 114 plots a histogram simailar to
one shown in FIG. 10 expressing a count number of coinci-
dence points appearing in terms of shift quantity (heremafter,

referred to as a histogram of shift quantity), based on the
information on the coincidence point and shift quantity pro-
vided from the motion vector detection circuit 115. The con-
cept associated with the histogram 1s shown 1n the enlarged
view of the search domain on the right-hand side of FIG. 9.
The first histogram generation section 114 has a horizontal
comcidence point counter 909 and a vertical coincidence
point counter 910. As depicted in FIG. 9, suppose that the
target pixel 902 has coordinates (0,0). If the coincidence point
908 has coordinates (1,1)=(3.2), 3 being the quantity of hori-
zontal shift and 2 being the quantity of vertical shift, the
horizontal coincidence point counter 909 adds “1” to an
address corresponding to the shift quantity +3, and the verti-
cal coincidence point counter 910 adds “1” to an address
corresponding to the shift quantity +2. The first histogram
generation section 114 performs the coincidence point count-
ing operation on all pixels within the predetermined area to
compose a histogram of the shiit quantity as shown in FIG.
10. In the 1nterest of brevity and convenience 1n explanation,
suppose that the histogram of shift quantity illustrated here
specifies only the count number of coincidence points corre-
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sponding to a respective horizontal shift quantity. Needless to
say, a histogram of vertical shift quantity has the same pattern
as one shown in FIG. 10.

The histogram of shift quantity of FIG. 10 shows how
many edge coincidence points appear in the case of moving
the second frame screen 907 by one pixel with respect to the
first frame screen 906. Here, the horizontal axis of the histo-
gram represents the shift quantity and the vertical axis of the
histogram represents the count number of edge coincidence
points. Meanwhile, the horizontal axis corresponds to the
horizontal dimension of the search domain 904 of FIG. 9 (in
this example, £6 pixels as the quantity of horizontal shiit). As
discussed belore, the first histogram generation section 114
performs a counting operation of coincidence points on every
target pixel on the first frame screen 906 of a specific area for
every shift by one pixel within the search domain 904, to
compose a histogram of shift quantity in the specific area
designated by the application area judgment circuit 107. And
the first histogram generation section 114 of this embodiment
refers to the histogram of shift quantity and designates a shift
quantity having the largest count number of coincidence
points as a motion vector for pixels of the entire specific area,
or a second motion vector.

In addition, a mask set-up circuit 120 recerves the mask
signal 11 mentioned earlier and sets up a mask area displaying,
an OSD screen such as a control board or menu screen. A
mask processing circuit 117 operates 1n a manner that a his-
togram value for the mask area being set up by the mask
set-up circuit 120 1s excluded. Accordingly, the count number
of coincidence points on the OSD screen does not affect the
generation of a second motion vector. The mask set-up circuit
120 and the mask processing circuit 117 are not absolutely
required but used optionally 11 needed.

Histogram information outputted from the mask process-
ing circuit 17 1s inputted to a shiit error judgment circuit 118.
It was described earlier that a shift quantity having the largest
count number of coincidence points on the histogram of shift
quantity was designated as a second motion vector. However,
a second motion vector of interest can be determined more
accurately by the following process in the shift error judg-
ment circuit 118.

For example, 1in the case that the accuracy of an input image
increases or decreases with respect to the input image to be
matched with the resolution of the display panel 7, the input
image undergoes a filtering operation to compose an iterpo-
lation pixel to be inserted to the input image. Therelore, pixels
of the input 1image may become shaky before and after shait.
Moreover, characters may be made transparent and blended
with a background image. In these cases, edges of a character
may not be filtered or filtering locations may be changed.
Also, an 1mage motion 1s not limited to the expression of an
integer multiple number of pixel units such as 2 pixels, 3
pixels, etc., but can be expressed 1n a decimal number of pixel
units such as 1.5 pixel, 3.7 pixels, etc. These pose a problem
that an accurate motion vector cannot be obtained simply by
obtaining a maximum value of histogram of shift quantity.

Even under these circumstances, however, the process by
the shift error judgment circuit 118 as shown in FIG. 10 can be
carried out to more accurately decide a second motion vector.
That 1s, for an area histogram, a count number of coincidence
points corresponding to a certain shift and a count number of
coincidence points corresponding to a shift adjacent to that
certain shift are added together to be designated as a true
count number of coincidence points for the shiit of interest.
The concept of this addition 1s indicated by reference numeral

182 of FIG. 10.
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For example, note a point with the shift quantity-3 i FIG.
10. The count number of coincidence points 1n that shift
quantity has a value of “180”” which 1s the largest count value
in the histogram of quantity shift. If the problems aforemen-
tioned can be 1gnored, the shift quantity-3 would be desig-
nated as a motion vector. With the addition process, however,
a motion vector 1s obtained differently as follows.

Referring again to FIG. 10, the count value of the shift
quantity—2 and the count value of the shift quantity—4, each
being adjacent to the shift quantity-3, are “10” and “307,
respectively. Moreover, any count value below the threshold
(“20” 1n this example) indicated by dotted line on the histo-
gram of FIG. 10 1s regarded as noise and thus excluded from
the addition process. This means that the count value “10” of
the shift quantity—2 1s not included in the addition process,
and an addition value with respect to the shift quantity-3
becomes “210” as shown 1n an addition table 181.

Note a point with the shift quantity+3 this time. The count
number of coincidence points with the shift quantity has a
value o1 “170”. The count value of the shuft quantity+2 and the
count value of the shift quantity+4, each being adjacent to the
shift quantity+3, are “50” and “140”, respectively. Because
neither count value exceeded the threshold, an addition value
with respect to the shift quantity+3 becomes “360” as shown
in the addition table 181.

Therelore, referring to the addition table 181, the shiit error
judgment circuit 118 determines a second motion vector in
the specific area to be the shift quantity+3, not the shift
quantity-3, because the addition value corresponding to the
shift quantity+3 1s the largest. This second motion vector
indicates that an image of the specific area has shifted to right
by three pixels from the previous frame over the subsequent
frame.

The second motion vector thusly obtained 1s mputted to a
continuity judgment circuit 121 that monitors a change in the
second motion vector by 5 to 6 frames for example. IT there
are almost no changes in the size of the second motion vector
throughout five frames, the continuity judgment circuit 121
decides that the motion vector 1s valid, and sends an output
from the shift error judgment circuit 118 to the frame inter-
polation circuit 5 as the second motion vector 14 (see F1G. 1).
Meanwhile, 11 the size of the second motion vector changes
greatly throughout five frames, the continuity judgment cir-
cuit 121 decides that the detection of the second motion
vector has not been done normally, so 1t outputs a previously
obtained motion vector for example as the second motion
vector 14 to the selector 4 (see FIG. 1). This continuity judg-
ment circuit 121 1s not absolutely required but used optionally
if needed.

Next, the description on extraction of a specific area con-
tinues, referring back to FIG. 2. An edge component filtered
by the second edge filtering circuit 111 1s mputted to an area
generation circuit 119 which extends or stretches the filtered
edge component in a horizontal direction for example.
Namely, the area generation circuit 119 seriates the edge
component in the horizontal direction. As an edge component
greater than the threshold stored in the second threshold table
110 1s set to “17, and “0” for the other edge components, a
binary value “1” occurs successively 1n the area through this
stretching process. This area 1s used as a specific area. The
stretching process continues down to a falling edge and does
not end 1f a falling edge 1s not detected, e.g., until a count
value of separately generated clocks reaches a predetermined
value. Through this process, a specific area similar to one
shown 1n FIG. 11 1s formed.

The left side of FIG. 11 represents an input image signal,
illustrating a case where a telop character “A” 1s displayed on
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a specific area 141 designated by the application area judg-
ment circuit 107. Under this input signal, the area generation
circuit 119 forms a specific area 142 (white character “A”)
shown on the right side of FIG. 11. In addition, the area
generation circuit 119 recerves a second motion vector via the
continuity judgment circuit 121, and delays the specific area
142 according to the second motion vector to match the
specific areca 142 with the interpolation frame mentioned
carlier. In the case that a frame rate converts from 60 Hzto 120
Hz, an interpolation frame 1s inserted between two successive
original frames. Thus, a time interval between the interpola-
tion frame and an original frame becomes half of a time
interval between original frames. This leads to half of one
frame period delay.

Compared with adjacent 1images, an 1mage in a specific
arca that has a periodically or non-periodically appearing
pattern (telop characters, a grid pattern, or a stripe pattern) in
a direction with a change in brightness (this i1s regarded as a
problem in this embodiment) has a clear edge (contour) and
the color occupying the area 1s oiten of the same series. That
1s, the specific area exhibits a large gradation difference
between pixels near the edge, while the inside the area exhib-
its a small gradation difference. This embodiment utilizes
such a nature of the specific area to make the area generation
circuit 119 generate a specific area 142. Here, a gradation
difference between pixels sometimes varies by screen size or
resolution. A gradation difference between two adjacent pix-
cls changes because an 1mage signal expands or reduces 1f
image size or resolution between the 1mage signal and the
display signal 6 varies, thereby interpolating pixels or grada-
tion levels. For example, when an 1image 1s enlarged twice by
bilinear filtering, an interpolated pixel has a horizontal or a
vertical mean value and the gradation difference tends to
become narrow.

In order to cope with the above problem, the first and the
second threshold hold data being stored in the second thresh-
old table 110 may be set 1n advance based on the information
that has a direct intfluence on pixels forming the edge such as
the screen size or resolution. Such information includes an
external mput such as DVD image, broadcasting system or
type such as digital Hi-Vision broadcast, and kind of an image
filter being performed 1n a TV set. For example, 11 a high-
resolution 1mage of digital Hi-Vision broadcast needs to be
displayed on a high-resolution display, the first threshold
stored 1n the second threshold table 110 1s set high (e.g., 1T an
image signal has 256 gradation levels, the threshold 1s set to
100). On the other hand, 11 a low-resolution 1image of general
broadcast needs to be magnified for display, the first threshold
1s preferably set lower (e.g., 50) than the previous one.

The specific area 142 thus extracted by the area generation
circuit 119 1s inputted to the area judgment circuit 123. The
area judgment circuit 123 uses the second histogram genera-
tion section 122 to compose a histogram 1n terms of spatial
position of a specific area. An example of this histogram 1s
shown 1n FIG. 12. This histogram includes a horizontal his-
togram 133 and a vertical histogram 134, and counts the
number of pixels (1.e., pixels having the value “1””) belonging
to a specific area of a predetermined area 141. As shown 1n
FIG. 12, the horizontal histogram 133 counts the number of
pixels having the value “1” corresponding to horizontal posi-
tions, and the vertical histogram 134 counts the number of
pixels having the value “1” corresponding to vertical posi-
tions. Here, 11 the count value 1s 5 or less, 1t indicates a noise
component that 1s excluded from the specific area 1n a subse-
quent frame and becomes nvalid. In the example shown 1n
FIG. 12, a gray area 1s denoted as an invalid area 131. Mean-
while, a domain (or bin) with the count value from 15 to 30 on
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the horizontal histogram 133 and a domain with the count
value from 15 to 30 and from 15 to 20 on the vertical histo-
gram 134 are designated as a valid area 132, respectively.
Therefore, the area judgment circuit 123 assigns the value “1”
to all pixels within the valid area 132 and outputs an area
identification signal 15 showing a specific area. This area
identification signal 15, together with a second motion vector,
1s 1nputted to the selector 4 and used for the control of the
selector 4 as explained before.

The following describes a process flow in the second
motion vector acquisition section 32, referring to FIG. 6. In
step (hereinafter abbreviated to “S””) 101, the application area
judgment circuit 107 decides an area for the detection of the
second motion vector and the extraction of a specific area. In
5200, the first threshold table 108, the first edge filtering
circuit 109, the vector detection circuit 115, and the first
histogram generation section 114 detect coincidence points to
compose a histogram of shift quantity. In S102, the mask
set-up circuit 120, the mask processing circuit 117 and the
shift error judgment circuit 118 compute a maximum value of
a histogram and detect a second motion vector from the
composed histogram of shift quantity. In S103, the continuity
judgment circuit 122 monitors any change in the motion
vector throughout 5 to 6 frames to judge the continuity of the
motion vector. The continuity judgment 1s a process that
applies a previous motion vector over a designated frame
having been set up in advance if a motion vector 1s not
extracted or 1f another motion vector 1s extracted.

In the following S300, the second threshold table 110, the
second edge filtering circuit 111 and the area generation
circuit 119 generate a specific area. Lastly in S104, as shown
in FI1G. 12, the second histogram generation section 122 and
the area judgment circuit 123, the histogram of a specific area
makes the continuous area below a predetermined threshold
invalid. Meanwhile, the continuous area above the predeter-
mined value becomes a valid area 132.

In this manner, the second motion vector 14 and a specific
area to which the second motion vector 14 1s applied are
obtained.

Hereatter, an example of calculating the motion vector by
expressions 1s described with reference to FIG. 9. An evalu-
ation of 1mage matching 1s generally made as follows. Sup-
pose that gradation (or luminosity) of a present 1-th frame at a
position (X,y) 1s S,(X,y). Also, assume that a target pixel 902
positioned at (x,y) in the (k—1)th frame has shifted to a coin-
cidence point 908 at (x+dx,y+dy) in the k-th frame. Then, a
gradation difference of these two can be expressed by the
following equation (1).

dS=S,(x+dx,y+dv)-S;_ ((X,v) (1)

Here, a displacement vector (dx,dy) having a minimum dS
1s a motion vector of interest.

Because this embodiment obtains a motion vector based on
the coincidence of gradation difference using a pixel having a
fixed gradation range [S,,S,] and a pixel having a gradation
between two adjacent pixels thereol above a threshold (E,),
the following equations (2) to (4) can be obtained.

AE=E(x+dx,y+dy)-E; (%)) (2)

E(x,y)=Px,y)grad S;(x,y) (3)

Py(x,y) =H(S,(x,y)=So)H(S5=5,(x,y) H(grad|S,(x,y) |-

o) (4)

wherein, H denotes the heavyside function (step function),
and H(x) 1s 1 when x=0; otherwise, O.

Here, the equation (3) 1s a function expressing an edge of a
specific area (heremafter, this function 1s referred to as an
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edge function) and a motion vector of pixels 1n which a
displacement vector (dx,dy) having the minimum dE forms
an edge of a specific area.

In the case of satistying |dE|<OE for any small threshold
(OE (>0)) (hereatter, this condition 1s called ‘Condition 17), an
edge at the position of the (k-1)th frame (x+dx,y+dy), coin-
cides with an edge at the position of the k-th frame, (X,y).

The number of pixels counted in a frame by condition 1
becomes the number of pixels for a specific area, and the
conditions of the equations (2) to (4) can be quantized by a
substitution into the following equation (5).

N(dx,dy)=X, H(SE-|dE|) (5)

where, a displacement (dx,dy) having the maximum N is a
motion vector of interest.

The following describes an example of the second motion
vector acquisition flow by an area histogram, with reference
to FIG. 7. This corresponds to the process i S200 of FIG. 6.
First of all, 1t 1s judged 1n S201 whether a pixel at the position
(x,y) of the first frame falls within a designated gradation
range. If Yes, the process proceeds to S202 to calculate a
gradation difference between a pixel at the position (X,y) and
its adjacent pixel. Further, in S203, 1t 1s judged whether the
gradation difference calculated 1n S202 1s greater than a des-
ignated value. I1 Yes, the process proceeds to S204 to judge
whether a pixel at the position (x+1,y+1) of the second frame
talls within a designated gradation range. If Yes, the process
proceeds to S205 to calculate a gradation difference between
a pixel at the position (x+1,y+]) and 1ts adjacent pixel. In the
meantime, 1f the judgment result in S201 and 5202 1s No, the
process ends.

Here, 11, 1n S201-5205, a pixel adjacent to the position (X,y)
satisfies a gradation range [S,,S,] and 1f gradation between
two pixels adjacent to the ox or Oy side 1s greater than a
threshold (E,,) (hereinatter, these conditions are called ‘Con-
dition 2’), the equation (3) can be expressed as the following
equation (6).

E(x,y)=grad S{x,y) =({S:(x+06x)-S,(x) }/0x, {.S;(y+0y)-
S:(v) }/8y)

where, P.(x,y)=1
In addition, the equation (2) can be substituted into the
tollowing equation (7) by using the equation (6).

(6)

dE=grad S, (x+dx,y+dy)-grad S; {(x,y) (7)

Further, 1t 1s judged 1n S206 whether a calculation result
from S205 1s greater than a designated value, and if Yes, the
process proceeds to S207.

Suppose that a present position (x+1,y+]) exists within the
search domain 904 (x0,y0)-(x1,y1)(x0=x=x1, y0=y=yl).
As the equation (7) shows a gradation difference between the
position (x+1,y+7) of the (k-1)th frame and the position (X,y)
of the k-th frame, a difference between the two frames i1s
calculated 1n S207 to judge whether the difference 1s below a
designated value. If the judgment result turns out to be Yes,
the process proceeds to S208 to compose an area histogram.
This 1s accomplished by performing the calculation based on
the equation (5) on every pixel that satisfies the condition 2.
As a result, an area histogram N(1,1) exhibiting the count
number of edge coincidence points for every (1,]) pair within
a bin 1s calculated. In this manner, the area histogram N(1,7) 1s
calculated 1n S208, and a maximum 1s determined out of all
(1,7) pairs to obtain a motion vector (1,1). Here, the area histo-
gram N(1,)) satisfies 1=i1=n and 1=j=m (n and m are inte-
gers).

Following the operation in S208, the process proceeds to
5209 to shift the position (of a searching target pixel) within
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the search domain 904. In S210, 1t 1s judged whether the
operations from S201 through 209 have been carried out for
every pixel 1in the search domain 904, and repeats the opera-
tions of S201 to S209 until they are performed on all pixels.
Meanwhile, 11 the judgment results 1n S204, S206, and S207
are No, the process proceeds to S209 to perform an operation
corresponding to the step.

When a 2-D histogram 1s implemented into a real appara-
tus, (1x7) tables 1n rows and columns only 1ncrease the circuit
s1ze and the memory capacity, so 1t 1s better to approximate
the 2-D histogram by the following equation (8).

N(n,m)=N(n1)N(1,m) (8)

Next, an example of the creation of a specific area signal 15
1s explained with reference to FIG. 8. This corresponds to the
operation of S300 shown in FIG. 6. First of all, in S301, it 1s
tudged whether a pixel at the position (x+1,y+7) of the second
frame having been shifted by the detected motion vector (1,1)
1s within a predetermined gradation range [S,,S, |. I the judg-
ment result 1s Yes, the process proceeds to S302 to obtain a
gradation difference between a pixel at the position (X+1,y+])
and 1ts adjacent pixel positioned on the 0x or oy side. Then 1n
S303 1t 1s judged whether the gradation difference 1s greater
than a threshold (E,). An assumption 1s made that the condi-
tion 1 and the condition 2 described above differ in their
gradation ranges and the thresholds for gradation. Mean-
while, conditions that satistfy S302 and S303 will be called
‘Condition 3’ hereinaftter.

If the judgment result of S303 1s Yes, 1t 1s judged 1n S305
whether a gradation difference between the position (X+1,y+)
of the second frame and the position (X,y) of the first frame 1s
small. IT Yes, the process proceeds to S306. On the other hand,
if the judgment results of S301 and S303 are No, the process
proceeds to S304 to decide whether the judgments 1n previous
operations of S301 to S303 have been clear (1.e., whether the
judgments results of S301 and S303 were Yes). If this judg-
ment result turns out to be Yes, the process proceeds to S306.
It 1s judged 1n S306 whether degradation of the pixel at the
position (x+1,y+]) of the second frame falls within a desig-
nated range. If Yes, the process proceeds to S309 to decide
that the pixel of this position exists in the specific area and
assigns the value “1” to the area judgment signal M(X,vy).

Meanwhile, 1f the judgment result of S304 1s No, the pro-
cess proceeds to S307 to judge whether there exists a pixel
within the stretched area (a designated expansion range). IT
Yes, the process proceeds to S309. If No, however, the pro-
cess proceeds to S308. It 1s judged in S308 whether a mask
area exists within the designated expansion range. If No, the
process proceeds to S310. In S310, the pixel 1s regarded as
being outside the specific area, and the value “0” 1s assigned
to the area judgment signal M(X,y). These operations 1n S304,
S307, and S308 are for stretching (expanding) the specific
area, provided that the conditions of each step have been
satisfied.

As has been explained 1n this embodiment, 1f a specific area
has an 1mage pattern with a periodically or non-periodically
appearing change in brightness, an interpolation frame 1is
composed by using a histogram and a motion vector being
detected. In this way, an erroneous detection rate of a motion
vector 1n the specific area can be lowered, leading to a
decrease 1n 1mage degradation.
|[Embodiment II]}

A second embodiment of the invention will be described
with reference to FIGS. 3 and 4A to 4C. In particular, the
second embodiment shown 1 FIG. 3 i1s characterized by
setting up plural the second motion vector acquisition sec-
tions 32 of FIG. 1 1n parallel. In FIG. 3, constitutional ele-
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ments idicated by the same reference numerals used in the
first embodiment have the same functions, so details on them
are omitted.

As mentioned above, the second embodiment features the
use of a plural number (four to be specific) of the second
motion vector acquisition sections 32a to 324, and a mask
synthesis circuit 303 1s additionally provided to synthesize
and output an output from each. This embodiment enables to
generate a second motion vector 14 and an area 1dentification
signal 15 for a plurality of specific areas. Even though the
second motion vector acquisition sections used 1n the first and
the second embodiment are substantially the same 1n configu-
ration, they differ as follows. That 1s, each of the second
motion vector acquisition sections 32a to 324 of the second
embodiment outputs a second motion vector 14 being
obtained to one of the second motion vector acquisition sec-
tions 32a to 324 at a subsequent stage 1n processing through
one of converters 301 to 302¢. This feature makes the second
motion vector acquisition sections distinctive from the sec-
ond motion vector acquisition section 32 of the first embodi-
ment. Also, 1t 1s assumed for this embodiment that the first
motion vector acquisition section 31 and the frame interpo-
lation circuit § are built in one unait.

In detail, the second motion vectors 14 1n this embodiment
are converted by the converters 301a to 302¢ 1nto mask sig-
nals 302a to 302c¢, respectively, so that a histogram of shift
quantity composed by a certain second motion vector acqui-
s1tion section 1s not combined with another histogram of shift
quantity composed by a different second motion vector acqui-
sition section. As such, each of the second motion vector
acquisition sections 32a to 32d provides a second motion
vector 14a to 144 that corresponds to a predetermined area
having been assigned thereto and an area designation signal
15a to 15d to the mask synthesis circuit 303. Then, the mask
synthesis circuit 303 generates from these signals a synthe-
s1zed second motion vector 304 and a synthesized area 1den-
tification signal 303 and feeds them to the interpolation frame
circuit 5.

The following describes an example of the area designation
implemented 1nto the second embodiment, with reference to
FIG. 4. Suppose that the area designation 1s carried out by an
application range judgment circuit 107 1n each of the second
motion vector acquisition sections 32. In order to designate
plural areas, a screen may be spatially divided into four
defined areas as shown in FIG. 4A (the areas are arranged 1n
a row on the same space), or temporally divided into four as
shown 1n FI1G. 4B (i.e., the areas are overlapped one another).
In the former case, a motion vector and other areas are not in
a co-dependent relationship, so the converters 301a to 3014
become null. In the latter case, the converters 301a to 301c¢
have to be available not to detect the same motion vector for
the same target. However, 1n the case of changing a specific
area, that 1s, when the first threshold table 108 and the second
threshold table 110 change, the co-dependent relationship
disappears so the converters 301a to 301¢ may become null.

In addition, as shown 1n FI1G. 4C, the screen may be divided
into several areas: the areas 403 and 405 on both sides for
vertical subtitle display, the area 406 on the bottom for hori-
zontal subtitle display, and the general use area 404 covering
the entire areas. As such, 1f the area overlapping method and
the area arrangement method are used 1n combination, this
also aflect the respective second motion vector acquisition
section corresponding to each area and the first histogram
generation section 114 by the co-dependent relationship. In
this case, the converts 301q¢ and 3015 are made null, while
leaving the converter 301 ¢ available. The general use area 404
1s assigned to the second motion vector acquisition section
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32d for use. Moreover, the first histogram generation section
may plot a histogram with N(m,1) for the areas 403 and 405,
N(m,1) for the area 406, and N(m,1)N(m,1) for the arca 404,
thereby reducing the circuit size.

As discussed earlier, the area judgment signals 15a to 154
outputted from the respective second motion vector acquisi-
tion sections are one-bit signals for designating an area to
which a motion vector 1s applied, or an area to which a motion
vector 1s not applied. Therefore, the synthesized mask area
signal 305 generated by the mask synthesis circuit 303 have
the same number of bits as the count number of the second
motion vector acquisition sections. In this embodiment, since
there are four of the second motion vector acquisition sec-
tions, the synthesized mask signal 305 1s a four-bit signal.
Since the areas shown 1n FIG. 4A are mutually exclusive one
another, the frame interpolation circuit 5 memorize each of
the four areas to generate a one-bit signal. In the case of FIG.
4C, a synthesized mask signal becomes a two-bit signal.

As has been explained so far, according to this embodi-
ment, an area including an 1image pattern with a periodically
or non-periodically appearing change 1n brightness such as a
orid pattern, a stripe pattern, telop characters, etc., 1s desig-
nated as a specific area, and a motion vector 1s acquired for the
specific area not by the matching process but based on a
relattve misalignment of edge components between two
frames. Further, a histogram showing a relation between shift
quantity and motion vector 1s plotted, and a motion vector
having the highest number of times or occurrence on the
histogram 1s set as a motion vector for the specific area.
Theretfore, according to this embodiment, the frame conver-
sion technology 1n use of an interpolation frame makes 1t
possible to display a high picture quality image with less jitter
or break-ups even including an image pattern where change 1n
brightness such as a grid pattern, a stripe pattern and so on
appears periodically or non-periodically.

While we have shown and described several embodiments
in accordance with our invention, 1t should be understood that
disclosed embodiments are susceptible of changes and modi-
fications without departing from the scope of the ivention.
Therefore, we do not intend to be bound by the details shown
and described herein but intend to cover all such changes and
modifications that fall within the ambit of the appended
claims.

What 1s claimed 1s:

1. An 1image display apparatus, comprising:

a first motion vector acquisition section for acquiring and
outputting an 1mage motion vector 1n pixel or a prede-
termined block unit from plural frames included 1n an
input 1mage signal;

a second motion vector acquisition section including an
edge filtering section for filtering a predetermined edge
component from the mput image signal, and acquiring a
motion vector for the specific area by utilizing the pre-
determined edge component filtered by the edge filtering
section;

a frame interpolation section for generating an interpolated
frame by using the motion vector provided by the second
motion vector acquisition section and for combining the
interpolated frame with a frame of the mput image sig-
nal, thereby composing a signal of a new Irame
sequence; and

a display section for displaying an image based on the
frame sequence outputted from the frame 1nterpolation
section,

wherein the first motion vector acquisition section gives a
different motion vector to areas other than a specific area
of a frame 1n the input image signal; and
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wherein the frame 1nterpolation unit shifts the two frames
in a horizontal and/or vertical direction in a predeter-
mined pixel umt and detects the number of times or
frequency the predetermined edge components coincide
with each other between the two frames to compose a
histogram, and designates a shift quantity having a
greatest number of the edge component coincidences on
the histogram as a motion vector for the specific area.

2. An 1mage processor comprising:

a first motion vector acquisition unit to acquire a first
motion vector by motion detection based on a differen-
tial value between plural pixels or blocks between plural
frames mcluded 1n an 1nput 1mage signal;

a second motion vector acquisition unit to filter an edge
component consisting of pixels satisiying predeter-
mined threshold conditions from the plural frames
included 1n the mput 1image signal and to acquire a sec-
ond motion vector on the basis of a number of the pixels
whose pixel level coincides with each other for a relative
position between the plural frames on the edge compo-
nent consisting ol the pixels satisfying the predeter-
mined threshold conditions; and

a frame mterpolation unit to perform interpolation with the
plural frames included 1n the mput image signal and one
of the first and second motion vectors 1n use so as to
generate an interpolated frame,

wherein the frame interpolation unit performs the interpo-
lation with the second motion vector 1n use for a rectan-
gular specific area defined on the basis of the number 1n
horizontal and vertical directions respectively of the pix-
¢ls internally included in the edge component consisting
of the pixels satisiying the predetermined threshold con-
ditions, whereas performing the interpolation with the
first motion vector 1n use for areas other than the specific
area.

3. The image processor according to claim 2, wherein the
acquisition of the second motion vector 1s made on a basis of
a histogram on the number of the pixels whose pixel level
coincides with each other for the relative position between the
plural frames on the edge component consisting of the pixels
satistying the predetermined threshold conditions.

4. The image processor according to claim 2, wherein the
acquisition of the second motion vector 1s made on the basis
of the relative position having the greatest number of the
pixels 1 the histogram, on the number of the pixels whose
pixel level coincides with each other for the relative position
between the plural frames on the edge component consisting
of the pixels satistying the predetermined threshold condi-
tions.

5. The 1image processor according to claim 4, wherein in the
histogram on the number of the pixels whose pixel level
coincides with each other for the relative position between the
plural frames on the edge component consisting of the pixels
satistying the predetermined threshold conditions, an OSD
(on screen display) portion 1s excluded from the number of
the pixels.

6. The image processor according to claim 2, wherein the
pixels satistying the predetermined threshold conditions cor-
respond to those whose difference with adjacent pixels 1s
more than a first threshold, as well as whose brightness level
1s more than a second threshold.

7. The 1image processor according to claim 2, wherein the
specific area 1s defined by comparing the number 1n horizon-
tal and vertical directions respectively of the pixels internally
included in the edge component consisting of the pixels sat-
1stying the predetermined threshold conditions with prede-
termined thresholds.
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8. The 1image processor according to claim 2, wherein the
acquisition of the first motion vector comprises operations of:
filtering plural pixel or block pairs that are point symmetric
on the plural frames 1included 1n the mput 1image signal
with respect to an 1nterpolated pixel or block nside the
interpolated frame; and designating a direction of the
pixel or block pair having a smallest difference therebe-
tween as the first motion vector.

9. The image processor according to claim 2, wherein an
image pattern in the specific area comprises a grid pattern, a
stripe pattern or telop characters.

10. An image display apparatus comprising:

a first motion vector acquisition unit to acquire a first
motion vector by motion detection based on a differen-
tial value between plural pixels or blocks between plural
frames mcluded 1n an 1nput 1mage signal;

a second motion vector acquisition unit to filter an edge
component consisting of pixels satisfying predeter-
mined threshold conditions from the plural frames
included in the mput image signal, and to acquire a
second motion vector on a basis of a number of the pixels
whose pixel level coincides with each other for a relative
position between the plural on the edge component con-
sisting of the pixels satistying the predetermined thresh-
old conditions:

a frame interpolation unit to perform interpolation with the
plural frames included in the mmput image signal and one
of the first and second motion vectors 1n use so as to
generate an interpolated frame; and

an 1mage display unit to display the interpolated frame
generated by the frame 1nterpolation unit,

wherein the frame interpolation unit performs the interpo-
lation with the second motion vector 1in use for a rectan-
gular specific area defined on the basis of the number 1n
horizontal and vertical directions respectively of the pix-
¢ls internally included in the edge component consisting
of the pixels satisiying the predetermined threshold con-
ditions, whereas performing the interpolation with the
first motion vector 1n use for areas other than the specific
area.

11. The image display apparatus according to claim 10,

wherein the acquisition of the second motion vector 1s made
on the basis of a histogram on the number of the pixels whose
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pixel level coincides with each other for the relative position
between the plural frames on the edge component consisting
of the pixels satistying the predetermined threshold condi-
tions.

12. The image display apparatus according to claim 10,
wherein the acquisition of the second motion vector 1s made
on the basis of the relative position having the greatest num-
ber of the pixels 1 the histogram on the number of the pixels
whose pixel level coincides with each other for the relative
position between the plural frames on the edge component
consisting of the pixels satistying the predetermined thresh-
old conditions.

13. The image display apparatus according to claim 12,
wherein 1n the histogram on the number of the pixels whose
pixel level coincides with each other for the relative position
between the plural frames on the edge component consisting
of the pixels satistying the predetermined threshold condi-
tions, an OSD (on screen display) portion 1s excluded from
the number of the pixels.

14. The image display apparatus according to claim 10,
wherein the pixels satisiying the predetermined threshold
conditions correspond to those whose difference with adja-
cent pixels 1s more than a first threshold, as well as whose
brightness level 1s more than a second threshold.

15. The image display apparatus according to claim 10,
wherein the specific area 1s defined by comparing the number
in horizontal and vertical directions respectively of the pixels
internally included 1n the edge component consisting of the
pixels satisiying the predetermined threshold conditions with
predetermined thresholds.

16. The image display apparatus according to claim 10,
wherein the acquisition of the first motion vector comprises
operations of: filtering plural pixel or block pairs that are
point symmetric on the plural frames included in the input
image signal with respect to an interpolated pixel or block
inside the interpolated frame; and designating a direction of
the pixel or block pair having a smallest difference therebe-
tween as the first motion vector.

17. The image display apparatus according to claim 10,
wherein an 1image pattern in the specific area comprises a grid
pattern, a stripe pattern or telop characters.
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